ABSTRACT The occurrence of heavy metal resistance genes in multiresistant Enterobacteriaceae possessing bla NDM-1 or bla CTX-M-15 genes was examined by PCR and pulsed-field gel electrophoresis with S1 nuclease. Compared with clinical susceptible isolates (10.0% to 30.0%), the pcoA, merA, silC, and arsA genes occurred with higher frequencies in bla NDM-1 -positive (48.8% to 71.8%) and bla CTX-M-15 -positive (19.4% to 52.8%) isolates, and they were mostly located on plasmids. Given the high association of metal resistance genes with multidrug-resistant Enterobacteriaceae, increased vigilance needs to be taken with the use of heavy metals in hospitals and the environment.
). The presence of four heavy metal resistance genes was confirmed by PCR: merA for Hg 2ϩ , arsA for As 3ϩ , pcoA for Cu 2ϩ , and silC for Ag ϩ . Primers were designed by primer 3 (Geneious Pro 5.5.6) and the NCBI primer designing tool (https://www.ncbi.nlm.nih .gov/tools/primer-blast/) ( Table 2) . PCRs were performed under the following conditions: initial denaturation at 95°C for 5 min, followed by 30 cycles of denaturation at 95°C for 45 s, annealing at 58°C to 60°C for 45 s and extension at 72°C for 45 s, and final extension at 72°C for 5 min. The purified PCR products were randomly selected for Fig. 1) . In addition, statistical comparisons with these metal resistance genes in three groups of isolates were conducted using chi-square and Fisher's exact tests, where a P value of Յ0.05 was considered significant. The prevalences of silC (71.8% versus 25.0%; P ϭ 0.0009), merA (66.7% versus 10.0%; P Ͻ 0.0001), pcoA (64.1% versus 30.0%; P ϭ 0.0158), and arsA (48.7% versus 20.0%; P ϭ 0.0482) genes detected in bla NDM-1 -positive isolates were all markedly higher than those in susceptible isolates. Furthermore, the detection rates of silC (71.8% versus 41.7%; P ϭ 0.0108) and arsA (48.7% versus 19.4%; P ϭ 0.0144) in bla NDM-1 -positive isolates were significantly higher than those in bla CTX-M-15 -producing isolates (Fig. 1) . Previous studies have proposed the role of plasmids in conferring resistance to both antibiotics and heavy metals (7, 16, 17) . In this study, the locations of the pcoA, merA, silC, and arsA genes were analyzed by pulsed-field gel electrophoresis with S1 nuclease (S1-PFGE) (Invitrogen Abingdon, UK). In brief, isolates carrying heavy metal resistance genes were randomly selected, and genomic DNA in agarose blocks was digested with S1 nuclease and probed. In-gel hybridization was performed with pcoA, merA, silC, and arsA gene probes labeled with 32 P with a random primer method (Stratagene, Amsterdam, Netherlands). The results showed that pcoA, merA, silC, and arsA genes are located on a diverse range of plasmid backbones, differing from 50 to 500 kb in size ( Fig. 2 ; see also Fig. S1 in the supplemental material). Heavy metal resistance genes were carried on more than one plasmid in many strains, and chromosomally located genes were identified ( Fig. 2 and Fig. S1 ), suggesting significant plasticity.
Conjugation experiments were performed, as described previously (13), to investigate cotransfer of heavy metal and antibiotic resistance genes. Conjugations were performed with bla NDM-1 -and bla CTX-M-15 -positive donors with the rifampin-resistant recipient E. coli UAB190. Selection of bla CTX-M-15 -positive transconjugants was performed on Brilliance UTI clarity agar (Oxoid, Ltd., Basingstoke, UK) supplemented with rifampin 100 mg/liter (Sigma-Aldrich, St. Louis, MO, USA) and cefotaxime 2 mg/liter. bla NDM-1 -positive transconjugants were selected using rifampin with meropenem 0.5 mg/liter (AstraZeneca, London, UK). PCR for bla NDM-1 and bla CTX-M-15 genes was used for further confirmation of gene transfer (13, 18) . Plasmid incompatibility groups were characterized by PCR-based replicon typing as previously described (19) . A total of 18 and 14 transconjugants were obtained in E. coli UAB190 from 39 bla NDM-1 and 36 bla CTX-M-15 isolates, respectively. In 11 of 18 transconjugants, bla NDM-1 was located on IncA/C-type plasmids; 78.6% (11/14) of plasmids carrying bla CTX-M-15 belonged to IncFII, reflective of global molecular epidemiology (2, 20) . Plasmids carrying bla NDM-1 from 6 transconjugants could not be typed. The heavy metal resistance genes arsA, merA, and pcoA were found on 2 bla NDM-1 -and 1 bla CTX-M-15 -positive plasmids, respectively (Table 1) .
Our data indicate the abundance and mobility of heavy metal resistance genes (pcoA, merA, silC, and arsA) that can contribute to antibiotic-resistant gene dissemination and maintenance. Furthermore, many of these genes are found on transmissible plasmids. Therefore, our findings suggest that the coselection of heavy metal resistance genes in bla NDM-1 -and bla CTX-M-15 -positive isolates has significant implications for hospital and environmental (industrial waste) contamination with heavy metals.
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